Abstract. Venous thrombosis affecting thrombocytopenic patients is challenging. We report the case of a woman affected by deep vein thrombosis and pulmonary embolism in a thrombocytopenic context leading to the discovery of a heterozygous mutation in the gene encoding ankyrin repeat domain 26 (ANKRD26) associated with a heterozygous factor V (FV) Leiden mutation. This woman was diagnosed with lower-limb deep vein thrombosis complicated by pulmonary embolism. Severe thrombocytopenia was observed. The genetic study evidenced a heterozygous FV Leiden mutation. Molecular study sequencing was performed after learning that her family had a history of thrombocytopenia. Previously described heterozygous mutation c-127C>A in the 5′untranslated region (5′UTR) of the ANKRD26 gene was detected in the patient, her aunt, and her grandmother. ANKRD26-related thrombocytopenia and thrombosis are rare. This is, to our knowledge, the first case reported in the medical literature. This mutation should be screened in patients with a family history of thrombocytopenia.
Case Report. A 20-year-old woman (Figure 1 , III-3) was admitted to our department after being diagnosed with spontaneous left lower limb deep vein thrombosis (DVT) located in the external iliac vein. She had no recent history of travel, limb surgery, or smoking habits. Her medical background consisted of one episode of infectious pneumopathy (1 year before this case) complicated with pachypleuritis, an upper humeral extremity fracture, and migraines. No thrombosis episodes were known in the family. Her medication consisted of a combined oral contraceptive pill taken for two years (levonorgestrel 0.150 mg/ethinyl estradiol 0.030 mg). Except for an edematous limb, the patient was asymptomatic. Laboratory investigations (Sysmex XE-5000 and XE-2100) revealed the following: hemoglobin, 13.4 g/dL; microcytic red blood cells (mean corpuscular volume, MCV), 76µ 3 ; increased white blood cell (WBC)count, 15.6 G/L; and low platelet count, 35 G/L. Mean platelet volume (MPV) was normal (11 fL; laboratory rates: 7.2-11.1 fL). Prothrombin time was 12.6 s (P/C ratio, 1.14) and activated partial thromboplastin time, 28.5 s (P/C ratio, 0.91). The iron stock was normal, as were protein electrophoresis, antibodies, and other biological parameters. Arterial gasometry showed a normal pH (7.43) and a shunt effect. Electrocardiogram and transthoracic echocardiography (left ventricular ejection fraction, 67%) were normal. Functional respiratory investigations were slightly modified. Bone marrow study was not performed. We retrieved the patient's hematological parameters performed one year before during the infectious episode: platelet count was then low at 134 G/L with normal MPV (10.1 fL), red blood cells were microcytic (MCV: 79.8 µ 3 ) with anemia (hemoglobin, 9.5 g/dL). WBC count was increased to 20 G/L with a high level of C-reactive protein at 332 mg/L and procalcitonin at 1.25 ng/mL.
Taking into account the low platelet count, we used Fondaparinux (7.5 mg/day) for four days as an anticoagulant treatment, relayed by Rivaroxaban 30 mg/day for three weeks, then 20 mg/day for six months. Although the patient was asymptomatic, pulmonary scintigraphy showed a massive bilateral pulmonary embolism. Thrombophilia testing revealed a heterozygous R506Q FV Leiden mutation with no other abnormalities. Lupus anticoagulant, anti-β2GPI antibodies, and anticardiolipin were negative. Oxygen (2L/min) was provided for a total of 6 days. Finally, the diagnosis of inherited thrombocytopenia was suspected because there was a family history of unexplained thrombocytopenia with at least six members known to be thrombocytopenic ( Figure 1 (Figure 1; I-2) . About the grandmother, we managed to retrieve the platelet count in 2015; they were at 32 G/L at the time. Interestingly, she suffered from 6 pulmonary embolisms (and was treated from 1995 with antivitamin K anticoagulant), but never suffered from any bleeding complications.
Sanger sequencing of the 5′UTR part of the ANKRD26 gene demonstrated a previously described heterozygous c-127 C>A mutation. Knowing that result, we decided to conduct familial genetic investigations. Interestingly, the patient's grandmother was affected by refractory cytopenia with multilineage dysplasia. We evidenced two family members positive for this mutation: the maternal grandmother ( Figure  1 ; I-2) and one aunt ( Figure 1 ; II-2). Nine days after admission, the patient was discharged. Six months after this thromboembolic event, anticoagulant treatment was stopped with no further complications. The patient was lost to follow-up after this last medical consultation, due to a job transfer. This observation is, to our knowledge, the first case of a pulmonary thromboembolic event in a patient with an ANKR26 inherited mutation and a factor V Leiden heterozygous mutation.
Discussion. Thrombosis associated with inherited platelet disorders (IPDs) is rare. Girolami et al reviewed three different inherited platelet disorders with thrombotic events: two cases of inherited thrombocytopenia with increased MPV, i.e., MYH9 (Myosin Heavy Chain 9) (OMIM 155100) and Bernard-Soulier syndromes (BSS) (OMIM 231200), and a platelet function disorder with a normal MPV in Glanzmann thrombasthenia (GT, OMIM 273800). 1 In the majority of these cases, patients developed thrombotic events after identification of the inherited platelet disorders. To our knowledge, the present report is the first in which a venous thrombotic event resulted in the discovery of inherited thrombocytopenia (IT): ANKRD26-related thrombocytopenia (OMIM 18800). Nevertheless, these four platelet disorders differ from two other prothrombotic dysfunctional platelet disorders: the Wien-Penzing defect 2 and sticky platelet syndrome (SPS,) 3 characterized by the occurrence of venous or arterial thrombosis that usually reveals these platelet dysfunctions.
Thrombotic events described in the literature are mostly arterial: nine MYH9 patients 1,4-5 and three BSS patients developed myocardial infarction, coronary arterial disease, and pons infarction stroke. In contrast, ten Glanzmann patients developed venous thrombosis, 1, 6 mas did two MYH9 patients. 1 Traditional risk factors (long flight immobilization, old age, surgery, treatment) associated with venous thrombosis are evidenced in 36% of the cases, other risk factors (V Leiden or JAK2 mutations) in 28 %, unknown or undetected risk factors in 36%. In arterial thrombosis events, associated traditional risk factors (HTA, atrial fibrillation, hyperlipidemia, elevated levels of homocysteinemia or cholesterol, atherosclerosis, smoking) are present in 67% of the cases and undetected or absent in 33%. As in our patient, heterozygous FV mutation was detected in three Glanzmann patients with recurrent deep venous thrombosis 7, 8 and a JAK2V617F mutation in an MYH9 patient with portal vein thrombosis. 1 The discrepancy between the macrothrombocytopenia group and Glanzmann patients for thrombotic events remains unexplained because thrombosis may occur whether a functional platelet defect is present (BSS, Glanzmann) or not (MYH9, ANKRD26). In addition, functional defects in Glanzmann and BSS patients are distinct: it has been suggested that the defective binding of Von Willebrand factor (alteration present in BSS) can protect from venous thrombosis, whereas defective binding of fibrinogen (seen in Glanzmann) protects more from arterial thrombosis. 7 This hypothesis could not be totally applied to MYH9 syndrome or our case because these two IPDs have no functional defect. A recent, interesting report found no difference in thrombin potential generation in MYH9 patients with or without arterial thrombotic events, indicating that other factors than the low platelet count might have contributed to the thrombosis. 5 However, few patients were tested in this study. One should also keep in mind not only that few patients who developed thrombosis have been described, but also that the frequency of the different forms of IT is variable. We cannot exclude that in the present report, the risk factors themselves induced venous thrombosis and that the association made herein might be fortuitous.
The IT type diagnosed in this report should also be described. In our patient's family, thrombocytopenia was a non-syndromic autosomal dominant form with an average MPV. In this disorder, morphologically platelets appeared normal but could be macrocytic, 9,10 nsometimes demonstrated with optical microscopy. Electron microscopy studies identified the presence of particulate cytoplasmic structures in ANKRD26 platelets and megakaryocytes of patients with mutations reflecting dysfunctional proteasome pathways. 11 In the group of IT patients with normal MPV, three genes must be sequenced first and foremost: the ANKRD26 gene (OMIM 188000), the RUNX1 gene mutated in the familial thrombocytopenic disorder with predisposition to myeloid leukemia (OMIM 601399), and a recently described gene, ETV6, which confers a predisposition to lymphoid leukemia and solid tumors (OMIM 6000618;). 12 Platelet counts of different ANKRD26 patients published to date vary between 8 and 107 G/L, two patients having normal values. 9, 10 There are reports of transient normalization of platelet counts in the setting of an acute infection[], 10 as observed in our patient, probably explained by the thrombopoietin level increase, usually found in inflammatory conditions. 13 The bleeding syndrome is usually moderate, and numerous patients have undergone surgeries without platelet support and bleeding. No bone marrow analysis was performed for this diagnosis, but when previously performed, a dysmegakaryopoiesis is described, which contributes to the thrombocytopenia mechanism. 10 Even if severe bleeding affects only a minority of patients, recent studies have pointed out the importance of IT genetic diagnosis. 12 The majority of the mutations identified are single nucleotide substitutions in the 5′UTR part of the ANKRD26 gene: the most frequent mutations described were c-127 A>T, c-128G>A, and c-134G>A. 9, 10, 14 One missense mutation in the coding region of the gene was also reported in one family. 15 These mutations might result in the loss of two binding transcription factors that inhibit ANKRD26 expression in normal conditions and induce abnormal persistent activation of the ERK/MAP pathway, leading to the impaired proplatelet formation and dysmegakaryopoiesis. 16 Today, it is well established that some ITs are characterized by increased risk of acquiring additional disorders over time that are much more relevant for patients than thrombocytopenia itself. Patients with ANKRD26-related thrombocytopenia have a propensity to develop myeloid malignancies. 17, 18 Therefore, recognizing such patients is essential to provide genetic counseling and personalize follow-up, especially if hematological malignancies occur.
Conclusions. This first report adds to previous observations and confirms that platelet defects do not protect from venous thrombosis, in particular, the ANKRD26 familial thrombocytopenia. It remains unexplained why thrombotic events appear in some inherited platelet disorders, but if we want to explain this association, this would require larger studies with more patients having rare platelet disorders which are not possible up to date. International guidelines for clinical and biological follow-up of these patients with inherited platelet disorders predisposing patients to hematological malignancies are therefore needed.
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